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ABSTRACT 
 
Adhesion strength at different interfaces of the 
packaging materials of Photovoltaic (PV) modules is an 
important factor to ensure the long-term reliability and 
durability of PV modules. The performance of the 
encapsulation system is expected to be influenced by the 
lamination processes where temperature, pressure, time 
and cooling rate are to be controlled. This paper 
investigates the effects of different lamination 
temperatures and time on the durability of the packaging 
materials of PV modules from the viewpoint of adhesion 
and de-bonding behaviors through damp-heat tests.  
 
 
1. INTRODUCTION 
 
Photovoltaic (PV) modules are protected by 
encapsulant materials that are sandwiched between a 
front glass cover (mostly glass) and a polymeric back-
sheet. Loss of adhesion strength between these different 
layers can cause issues such as delamination, moisture 
ingress, reduced heat dissipation and leakage current [1]. 
The longevity of the adhesive properties of the 
encapsulant materials is influenced by module 
lamination process which is performed in a flat-bed 
laminator where temperature and pressure are acting on 
the module for a certain time until the desired 
lamination properties are achieved. This paper 
investigates how the variation of lamination temperature 
and time influence the durability of the encapsulation 
system of PV modules from the viewpoint of adhesion 
strength.  
 
 
2. EXPERIMENTAL SETUP 
 
2.1 Sample Lamination 
Laminates of 10x10cm2 with a structure of Glass/ 
Ethylene Vinyl Acetate (EVA)/ Polyethylene 
Terephthalate- Polyethylene Terephthalate- Ethylene 
Vinyl Acetate (PET-PET-EVA) (Fig. 1) were produced 
using a 2BG laminator L176A. Silicone coated release 
papers were inserted between EVA and glass at one side 
of the sample to form the peeling tab. Samples were 
produced in five different conditions, i.e. curing 
temperatures of 125oC, 135oC, and 145oC for a curing 
time of 5 min, 10min and 20 min. At each condition, 
three laminates were produced. The reliability of these 
samples was examined using damp heat tests at 85oC 
and 85% relative humidity (RH) in environmental 
chamber for a total exposure up to 2000 hours.  
 
 
Fig. 1 Sample structure 
 
2.2 Peel Test 
For each laminate, the backsheet together with EVA 
was cut by CO2 laser system into strips of 10mm width. 
Each of the combined backsheet and EVA strip were 
peeled off from glass at 90o with a crosshead speed of 
50mm/min at ambient temperature. The test was 
conducted based on [2]. Eight strips were generated for 
each sample so that 24 strips in total were measured for 
each lamination condition from which the median value 
was calculated.  
 
 
3. DEGRADATION OF ADHESION STRENGTH  
 
The degradation of the adhesion strength between 
glass and EVA for samples cured at different 
temperature and time is shown in Fig. 2. For all the five 
lamination conditions, similar degradation behaviors are 
identified. The measured peel strength all starts at a 
similar level and then degrades to a stabilised stage 
within 150h until 2000h. The major contribution of 
adhesion strength at glass-EVA interface comes from 
the silicon-oxygen covalent bonds formed between glass 
and the silane coupling agents that is added to EVA. 
The reasons for the similarity of adhesion strength 
degradation behaviors may be that the formation of the 
silicon-oxygen bonds is not sensitive to temperature and 
time so that the density of this silicon-oxygen bond at 
glass-EVA interface is similar.  
 
  
 
Fig. 2 Adhesion strength degradation of laminates cured 
at different temperature (upper) and time (lower) 
 
Failure does not always happen at the glass-EVA 
interface but shifts during degradation. The pattern 
depends on lamination conditions. The development of 
the distribution of fracture interfaces at each lamination 
condition is present in Fig. 3. Before degradation, at the 
temperature of 125oC, peeling happens predominantly at 
the EVA-backsheet interface despite being initiated at 
the glass- EVA interface. Higher temperatures of 135oC 
and 145oC result in peeling occurring at the Glass-EVA 
interface although there are still some failures at the 
EVA–backsheet interface. Similar trends are observed 
when the curing time increases from 5min when failure 
occurs at EVA-backsheet to 10min and 20min when 
fracture mainly happens at glass-EVA. The adhesion at 
backsheet-EVA mainly comes from the diffusion 
between the EVA encapsulant and the EVA seeds at the 
inner side of the back-sheet. Diffusion processes are 
more sensitive to lamination conditions than the 
formation of silicon-oxygen bonds at glass-EVA and 
that is why adhesion at backsheet-EVA is much lower 
than that at glass-EVA at lower lamination conditions. 
During damp-heat exposure, the failure locus 
changes from dominant EVA-backsheet to both glass-
EVA and EVA-backsheet for samples cured at 125oC-
10min while most of the failure area is still at glass-
EVA after degradation at 135oC-10min. At 145oC-
10min, dominant glass-EVA fracture gradually shifts to 
both glass-EVA and EVA-backsheet de-bonding. For 
the samples cured at 145oC-5min, failure changes from 
mixed glass-EVA and EVA-backsheet to dominant 
glass-EVA. At 145oC-20min, failure interfaces 
maintains at glass-EVA even after 1500h damp-heat 
exposure. The reasons for the different fracture patterns 
are expected to be linked with their resistance to 
humidity ingress and more analysis is ongoing.  
 
 
 
 
 
Fig. 3 Distribution of the number of identified failure 
interfaces during damp-heat degradation  
 
3. CONCLUSIONS  
The adhesion of the encapsulation materials of PV 
modules contains multiple physical and chemical 
processes. This paper shows that slight variation of 
curing temperature and time has not caused many 
differences on the degradation of adhesion at glass-EVA 
interfaces but resulted in different fracture interfaces 
being observed during peeling. More analysis is going 
on to have better understanding about the underlying 
mechanisms.  
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